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Introduction 1 observation, involve the integration of processes associated with object recognition, speech (January 2016), some of which utilized stimulus types that we had not included in our initial query, sensory modality engaged, and the task nature. These terms described the salient aspects of the stimuli 23 and behaviors associated with each of the naturalistic paradigms, annotating the tasks themselves and not the intended psychological construct interrogated by the original report. These manual annotations 1 were then independently reviewed and confirmed by a second study associate (JSF) to assure consistency 2 and accuracy. Any disagreements or inconsistencies between KLB and JSF were resolved following a final 3 conversation between the two associates. ). These MA maps were concatenated into an 14 array of n experiments by p voxels, which was then analyzed for pairwise correlations that reflected the 15 degree of spatial similarity between the MA maps from each of the n experiment and those of every other 16 experiment. The resultant n X n correlation matrix represented the similarity of spatial topography of MA "best" grouping by minimizing the sum of correlation distances within each cluster. This approach begins 1 by choosing K arbitrary maps as representative centroids for each of K clusters and assigning experiments 2 to each cluster based on the closest (most similar) centroid. This process continued iteratively until a 3 stable solution was reached.
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Solutions were investigated for a range of K = 2 -10 clusters. Once the clustering analysis was complete 5 for all K, we compared each solution to the neighboring solutions and assessed for improvement across 6 parcellation schemes using four metrics describing cluster separation and stability (Bzdok et al., 2015;  7 Eickhoff, Laird, Fox, Bzdok, & Hensel, 2016). This allowed us to objectively select the number of clusters 8 that most optimally divided the data set. The first metric, average cluster silhouette across clustering 9 solutions, assessed the separation between clusters and described whether clusters were distinct or 10 overlapping. A higher silhouette value indicates that greater separation is ideal and that each experiment 11 fits well into its cluster, with lower misclassification likelihood of fringe experiments into neighboring 12 clusters. Stability is indicated by minimal change in silhouette from one solution (K) to the next (K + 1).
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Second, we considered the consistency of experiment assignment by comparing the ratio of the minimum 14 number of experiments consistently assigned to a cluster relative to the mean number of experiments 15 consistently assigned to that cluster. In this case, only ratios above 0.5, in which at least half of the silhouette value), while exhibiting relative stability in comparison with the previous and next solutions 1 (i.e., consistency > 0.5, a local minimum in variation of information, and lower hierarchy index than 2 previous). mental processes are related to activation in a specific brain region (or set of brain regions) across 1 published fMRI studies. We chose to use two complementary functional decoding approaches, one based 2 on our study-specific, subjective manual annotations mentioned above, and another based on the 3 objective, automated annotations provided by the Neurosynth database for over 11,000 functional 4 neuroimaging studies (Yarkoni et al., 2011; Neurosynth.org). First, the manually annotated terms 5 associated with each experiment were grouped into the MAGs identified above and were assessed by 6 frequency of occurrence in each MAG. The distribution of stimulus modality, stimulus type, and salient 7 terms across MAGs allowed us to evaluate the relationship between activation patterns and the aspects 8 of naturalistic paradigms that elicited them. Second, we included an automated, data-driven annotation 9 method using Neurosynth, which includes automatically extracted terms that occur at a high frequency 10 in the abstract of each archived study. To functionally decode our MAGs, we compared the MAGs' 
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Both sets of terms (i.e., obtained via manual and automated approaches) were evaluated to assess the 20 specific aspects of naturalistic paradigms associated with each MAG. The Neurosynth terms representing 21 broad behavioral aspects across fMRI studies that elicit similar brain activation profiles provides both an unbiased description of the experiments engaging each MAG, as well as a comparison of our corpus of accurate description of the paradigms, though it is predisposed to the subjective bias of human 1 annotation. The results of this two-pronged functional decoding approach were designed to describe the 2 processes that engage brain networks similar to each MAG and how these processes may be similar or 3 different in naturalistic fMRI studies compared to the broader functional neuroimaging literature. The 4 distribution of stimulus modalities and types across MAGs was assessed, too. Together, the functional 5 decoding results and distributions of different stimuli were interpreted to provide insight into how 6 information processing is functionally segregated across cooperating neural systems during naturalistic 7 tasks.
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Results 9
Of the 230 papers meeting inclusion, 120 were omitted based on further exclusion criteria, leaving 110 10 studies that reported coordinates of brain activation from naturalistic fMRI tasks among healthy adults.
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The final data set included activation foci from 376 experimental contrasts (N = 1,817 subjects) derived 12 from tasks using a variety of stimulus types and sensory modalities. Across our corpus of naturalistic fMRI 13 experiments, approximately 55% assessed a single stimulus modality, including 40% visual stimuli, 13% 14 auditory, and 1% tactile. included across iterations. The variation of information metric (Fig. 1C ), suggested the stability of both 5-3 and 7-cluster solutions as parameter value decreases were observed when moving from K = 4 to K = 5 and 4 from K = 6 to K = 7, which also combined with parameter increases when moving from K = 5 to K = 6 and 5 K = 7 to K = 8. The hierarchy index metric ( Fig.1D) further corroborated a 5-and 7-cluster solution where 6 local minima were observed for these two solutions. While both the 5-and 7-cluster solutions appeared 7 stable (Fig. 1C, 1D ) and consisted of groupings with a satisfactory amount of separation ( Fig 1A) , based on 8 the smaller increase in average cluster silhouette from K = 7 to K = 8 ( Fig. 1A) , we proceeded with the K = 9 7 solution in subsequent analyses. 
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Stimulus Modality Number of Experiments
11
Manual Annotations
12
Our manual annotations utilized a list of 26 corpus-specific metadata terms, which captured salient 13 features of the naturalistic design, rather than the psychological constructs assumed to be involved. Table   14 "emotional film", "attention"), as well as those that accounted for a minimal number of experiments in 1 our corpus (e.g., "violence", "tactile", "pain"). These values indicate the percent of experiments labeled 2 with each term, or the base-rate of each term throughout the data set, keeping in mind that each 3 experiment was labeled with only one or two terms. Once the experiments were clustered into seven 4 MAGs, we evaluated the relative contributions of each term per MAG, controlling for base-rate by dividing 5 each term's per-MAG count by that term's total count across the corpus (Table 4 ). These outcomes 6 provide the association of each term with each MAG (Table 4 ). Some of the terms in the manual 7 annotation analysis corresponded to stimulus types in Figure 3B (e.g., per-MAG distribution for "music" 8 and "video game"). However, many of the manually derived terms highlighted experimental aspects that 9 reflect the unique and salient features of the naturalistic corpus (e.g., "anthropomorphic", "violence") and with the highest correlation values for each MAG are presented ( Table 5 ). Terms that were near-duplicates 19 of terms already included in the list were removed, such as "emotion" and "emotions" if "emotional" was 20 higher on the list. Non-content terms (e.g. "abstract", "reliable") and terms that described brain regions, "attention", "eye movements", and "observation" associated with activation of the regions in this MAG 23 (Table 5 ). These annotations and convergent activation in regions resembling the dorsal attention network 24 and areas of higher level visual processing (e.g., superior frontal and parietal regions, extrastriate cortex)
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suggest this MAG's association with Visual Attention (Figure 2.7 ).
Discussion 27
To characterize a core set of brain networks engaged in more ecologically valid neuroimaging designs, we 28 employed a data-driven approach that meta-analytically grouped published naturalistic fMRI results 29 according to their spatial topographies. Objective metrics suggested that a solution of K = 7 clusters 30 provided the most stable and disparate grouping of experiments across the naturalistic fMRI literature,
31
and ALE meta-analysis delineated convergent activation across spatially distinct brain regions for each 32 meta-analytic grouping (MAG) of experiments. We then considered how such networks subdivide 33 information processing by assessing the characteristics of the constituent experiments from each MAG. outcomes of the two approaches generally agreed, with differences highlighting domain-specific and 1 domain-general processes associated with naturalistic paradigms. In summary, this meta-analysis of naturalistic fMRI studies that apply dynamic, lifelike tasks to explore the 4 neural correlates of behavior has shown that these paradigms engage a set of core neural networks, 5 supporting both separate processing of different streams of information and the integration of related 6 information to enable flexible cognition and complex behavior. We identified seven patterns of consistent 7 activation that correspond with neural networks that are involved in sensory input, top-down attentional 8 control, domain-specific processing, and motor planning, representing the set of behavioral processes 9 elicited by naturalistic paradigms in our corpus. Across the corpus, tasks provided mainly visual and 10 auditory sensory input which engaged regions across MAGs 1 and 6, while MAG 7 appeared to contribute 11 to top-down attentional control to filter out nonessential information from those sensory streams. Salient 12 information can be processed by the relevant domain-specific networks, shown in MAGs 2 (language), 3 13 (emotion), and 5 (navigation and spatial memory), and the appropriate motor response, coordinated by 14 regions in MAG 4. The majority of tasks engaged multiple networks to process the relevant information 15 from a stimulus and generate an appropriate response. A greater literature of fMRI experiments utilizing 16 naturalistic paradigms would benefit the field and complement the existing literature of precisely 17 controlled tasks, as naturalistic stimuli more closely approximate the processing necessary for realistic 18 behavior. Exploring how multifaceted processes interact and, ultimately, contribute to behavior will allow 19 us to better understand the brain and human behavior in the real world. In the future, studies of this sort 20 would greatly benefit from an automated annotation process for an objective functional decoding of 
